Response of bone and cartilage cells to biomaterials in vivo and in vitro.
In vivo and in vitro models have been developed to study the bone/material interface. The in vivo model exploits the osteogenesis that accompanies marrow ablation of the rat tibia and uses morphological and biochemical changes in extracellular organelles, called matrix vesicles, as markers of the healing process. Matrix vesicles, which are associated with primary bone formation and calcification, are produced by osteoblasts and are sensitive to cellular and environmental regulation. In bone adjacent to bone-bonding implants, matrix vesicle number increases, as does its alkaline phosphatase activity. In bone adjacent to nonbonding materials, matrix vesicle activity is inhibited. The materials exert systemic effects which can also be studied by use of matrix vesicles. Cell models are needed in order for the specificity of the cellular response to the material to be understood. By the use of culture plates sputter-coated with implant materials, the response of cells can be studied under controlled conditions. Comparison of the response of costochondral chondrocytes at two stages of endochondral development demonstrates that the effects of various materials are surface- and cell-maturation-dependent. Cells cultured on Ti exhibited increased alkaline-phosphatase-specific activity, whereas those cultured on Al2O3 have decreased enzyme activity.